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A PROCESS FOR MANUFACTURING TRANSISTORS HAVING 
SILICON/GERMANIUM CHANNEL REGIONS 

CROSS REFERENCE TO RELATED APPLICATIONS 



7he present application entitled, "A Process For Manufacturing 
5 Transistors Having Silicon/GefmmiiunaLChannel Regions," is related to U.S. 

Application Serial No. , filed on aiTeveirdata-lietewith by Yu 

(Attorney Docket No. 39 153-268). 

BACKGROUND OF THE INVENTION 

The present invention relates generally to integrated circuits (ICs) 
10 and methods of manufacturing integrated circuits. More particularly, the present 

invention relates to a method of manufacturing integrated circuits having transistors 

with specialized channel regions. 

Integrated circuits (ICs), such as, ultra-large scale integrated (ULSI) 

circuits, can include as many as one million transistors or more. The ULSI circuit 
15 can include complementary metal oxide semiconductor (CMOS) field effect 

transistors (FETS). The transistors can include semiconductor gates disposed above 

a channel region and between drain and source regions. The drain and source 

regions are typically heavily doped with a P-type dopant (boron) or an N-type 

dopant (phosphorous). 
20 The drain and source regions generally include a thin extension that 

is disposed partially underneath the gate to enhance the transistor performance. 

Shallow source and drain extensions help to achieve immunity to short-channel 

effects which degrade transistor performance for both N-channel and P-channel 

transistors. Short-channel effects can cause threshold voltage roll-off and drain- 
25 inducted barrier-lowering. Shallow source and drain extensions and, hence, 

controlling short-channel effects, are particularly important as transistors become 

smaller. 

Conventional techniques utilize a double implant process to form 
shallow source and drain extensions. According to the conventional process, the 
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source and drain extensions are formed by providing a transistor gate structure 
without sidewall spacers on a top surface of a silicon substrate. THe silicon 
substrate is doped on both sides of the gate structure via a conventional doping 
process, such as, a diffusion process or an ion implantation process. Without the 
5 sidewall spacers, the doping process introduces dopants into a thin region just below 
the top surface of the substrate to form the drain and source extensions as well as to 
partially form the drain and source regions. 

After the drain and source extensions are formed, silicon dioxide 
spacers, which abut lateral sides of the gate structure, are provided over the source 

10 and drain extensions. With the silicon dioxide spacers in place, the substrate is 
doped a second time to form deep source and drain regions. During formation of 
the deep source and drain regions, further doping of the source and drain extensions 
is inhibited due to the blocking characteristic of the silicon dioxide spacers. The 
deep source and drain regions are necessary to provide sufficient material to 

15 connect contacts to the source and drain regions. 

As transistors become smaller, it is desirous to increase the charge 
carrier mobility in the channel region. Increasing charge carrier mobility increases 
the switching speed of the transistor. Channel regions formed from materials other 
than silicon have been proposed to increase charge carrier mobility. For example, 

20 conventional thin film transistors which typically utilize polysilicon channel regions 
have been formed on a silicon germanium (Si-Ge) epitaxial layer above a glass 
(Si02) substrate. The Si-Ge epitaxial layer can be formed by a technique in which a 
semiconductor thin film, such as, an amorphous silicon hydride (a-Si:H), an 
amorphous germanium hydride (a-Ge:H) or the like is melted and crystallized by 

25 the irradiation of pulse laser beams. 

In a bulk type device, such as, a metal oxide semiconductor field 
effect transistor (MOSFET), the use of Si-Ge materials could be used to increase 
charge carrier mobility, especially hole type carriers. A channel region containing 
germanium can have carrier mobility 2-5 times greater than a conventional Si 

30 channel region due to reduced carrier scattering and due to the reduced mass of 
holes in the germanium-containing material. According to conventional Si-Ge 
formation techniques for bulk-type devices, a dopant implanted molecular beam 
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epitaxy (MBE) technique forms a Si-Ge epitaxial layer. However, the MBE 
technique requires very complicated, very expensive equipment and is not feasible 
for mass production of ICs, 

Thus, there is a need for an integrated circuit or electronic device 
that includes channel regions with higher channel mobility. Further still, there is a 
need for transistors with a thin Si-Ge channel region and deep source and drain 
regions. Even further still, there is a need for a method of manufacturing a 
transistor having a thin Si-Ge channel region on a bulk-type semiconductor 
substrate. 



SUMMARY OF THE INVENTION 



An exemplary embodiment relates to a method of manufacturing an 
integrated circuit. The method includes providing an amorphous semiconductor 
material, annealing the amorphous semiconductor material, and doping to form 

15 source and drain regions. The amorphous semiconductor material contains 
germanium and is provided above a bulk substrate of semiconductor material. 
Excimer laser annealing the amorphous semiconductor material forms a single 
crystalline semiconductor layer containing germanium. The source and drain 
regions can be formed by doping the single crystalline semiconductor layer and the 

20 substrate at a source location and a drain location. A channel region between the 

source region and the drain region includes a thin semiconductor germanium region. 

Another exemplary embodiment relates to a method of manufacturing 
an ultra-large scale integrated circuit including a transistor. The method includes 
steps of depositing a silicon germanium material above a top surface of a 

25 semiconductor substrate, annealing the silicon germanium material, depositing a 
silicon material above the silicon germanium material, annealing the silicon 
material, and providing a source region and a drain region for the transistor. The 
source region and the drain region are deeper than a combined thickness of the 
silicon germanium material and the silicon material. 

30 Still another embodiment relates to a process of forming a transistor 

with a silicon germanium channel region. The process includes depositing a thin 
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amorphous silicon germanium material, annealing the silicon germanium material, 
depositing a thin amorphous silicon material, aimealing the silicon material, and 
providing a source region and a drain region for the transistor. The thin amorphous 
silicon germanium material is provided above a top surface of a semiconductor 
substrate. Annealing the silicon germanium material forms single crystalline silicon 
germanium material. The thin amorphous silicon material is provided above the 
single crystalline silicon germanium material. Annealing the silicon material forms 
single crystalline silicon material. The source and drain region extend into the 
substrate. 

Yet another embodiment relates to a transistor. The transistor 
includes source and drain regions disposed in a bulk semiconductor substrate. The 
transistor also includes a silicon-germanium channel region between the source and 
drain regions. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Exemplary embodiments will hereafter be described with reference to 
the accompanying drawings, wherein like numerals denote like elements, and: 

FIGURE 1 is a cross-sectional view of a portion of an integrated 
circuit in accordance with an exemplary embodiment, the integrated circuit 
including a transistor provided on a semiconductor substrate, the transistor having a 
channel region which includes a semiconductor and germanium material; 

FIGURE 2 is a cross-sectional view of the portion of the 
semiconductor substrate illustrated in FIGURE 1; 

FIGURE 3 is a cross-sectional view of the portion of the 
semiconductor substrate illustrated in FIGURE 2, showing a semiconductor- 
germanium deposition step; 

FIGURE 4 is a cross-sectional view of the portion of the 
semiconductor substrate illustrated in FIGURE 3, showing a laser aimealing step; 

FIGURE 5 is a cross-sectional view of the portion of the 
semiconductor substrate illustrated in FIGURE 4, showing a semiconductor 
deposition step; and 
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FIGURE 6 is a cross-sectional view of the portion of the integrated 
circuit illustrated in FIGURE 1, showing a laser annealing step. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

With reference to FIGURE 1, a portion 10 of an integrated circuit 

5 (IC) includes a transistor 12 which is disposed on a semiconductor substrate 14, 
such as, a wafer. Semiconductor substrate 14 is preferably a bulk P-type single 
crystalline (001) silicon substrate. Alternatively, substrate 14 can be an N-type well 
in a P-type substrate, or a semiconductor-on-insulator (SOI) substrate, (preferably 
silicon-on-glass) or other suitable material for transistor 12. 

10 Transistor 12 can be a P-channel or N-channel metal oxide 

semiconductor field effect transistor (MOSFET). Transistor 12 includes a gate 
structure 18, a source region 22, and a drain region 24. Regions 22 and 24 extend 
from a top surface 27 of portion 10 to a bottom 55 in substrate 14. Regions 22 and 
24 are preferably 50 nanometers (nm) - 120 nm thick firom surface 27 to bottom 55 

15 (junction depth) and include a source extension 23 and a drain extension 25 . For an 
N-channel transistor, regions 22 and 24 are heavily doped with N-type dopants 
(e.g., 5x10'^ - 1x10^ dopants per cubic centimeter). For a P-channel transistor, 
regions 22 and 24 are heavily doped with P-type dopants (e.g., 5x10'^ - 1x10^° 
dopants per cubic centimeter). 

20 Extensions 23 and 25 are preferably shallow extensions (e.g., 

junction depth is less than 50 nm (15-40 nm)), which are thinner than regions 22 
and 24. Extensions 23 and 25 are connected to regions 22 and 24, respectively, and 
are disposed partially underneath gate structure 18. Extensions 23 and 25 can be 
ultra-shallow to help transistor 12 achieve substantial immunity to short-channel 

25 effects. Short-channel effects can degrade performance of transistor 12 as well as 
the manufacturability of the IC associated with transistor 12. 

Regions 22 and 24 and extensions 23 and 25 have a concentration of 
10'^ to 10^° dopants per cubic centimeter. An appropriate dopant for a P-channel 
transistor is boron, boron diflouride, or iridium, and an appropriate dopant for an 

30 N-channel transistor is arsenic, phosphorous, or antimony. 
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Gate stack or structure 18 includes a gate dielectric layer 34 and a 
gate conductor 36. Dielectric layer 34 is preferably comprised of a thermally 
grown, 15-25 A thick silicon dioxide material. Alternatively, deposited silicon 
dioxide, nitride (SisN*) material, or high K gate dielectric materials can be utilized. 
5 Gate structure 18 can also include a pair of spacers 38. Spacers 38 

can be manufactured in a conventional deposition and etch back process. 
Preferably, spacers 38 are manufactured from silicon dioxide and are 800-1200A in 
height (thick) and 500-lOOOA wide. Alternatively, other insulative material such as 
nitride can be utilized to form spacers 38. 
10 Conductor 36 is preferably deposited as polysilicon by chemical 

vapor deposition (CVD) and etched to form the particular structure for transistor 
12. Conductor 36 is preferably doped polysilicon. Alternatively, conductor 36 can 
be metal, such as a refractory metal, or include germanium to adjust the work 
function of transistor 12. Gate structure 18 has a height or thickness of 800-1200A. 
15 Gate structore 18 is disposed over a channel region 41 . Channel 

region 41 is specialized to have increased charge carrier mobility. Channel region 
41 has a width slightly less than the gate length (e.g., 35 nm-100 nm) and 
advantageously includes a semiconductor containing germanium. Channel region 
41 can include a thin silicon cap layer 43 and a thin silicon germanium layer 45. 
20 Alternatively, semiconductor material other than silicon can be utilized in layers 43 
and 45. Thus, channel region 41 is comprised of a compound structure including 
layers 43 and 45. Layer 43 advantageously protects the integrity of layer 34 from 
the effects of germanium in layer 45. Thus, layer 43 can serve as a cap layer or 
protection layer above layer 45. 
25 In a preferred embodiment, layer 45 is 200-500A thick, and layer 43 

is 100-150A thick. Therefore, layer 45 is located from 100-150A below top surface 
27 of portion 10. Region 41 is preferably less than 60 percent of the depth of 

regions 22 and 24. 

Channel region 41 including layers 43 and 45 is preferably ahnost as 
30 deep as extensions 23 and 25. Channel region 41 is significantly shallower than the 
deep regions (contact locations) associated with source region 22 and drain region 
24. Accordingly, sufficient depth is available for making contact to source region 
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22 and drain region 24 and yet a thin channel region 41 including silicon 
germanium layer 45 is attained. The use of layer 45 including germanium allows 
the mobility of carriers to be approximately 2-5 times larger than a chamiel region 
41 comprised solely of silicon material. 
5 The interface between layer 45 and substrate 14 is preferably 

extremely sharp in the vertical direction. An ideal design has a very clearly defined 
border between layer 45 and substrate 14. The mechanical stress associated with 
layer 45 increases mobility for chamiel 31 (e.g., stress-enhanced mobility). 

A silicide layer, such as, regions 82, can be formed in regions 22 and 
10 24. Regions 82 can be deposited or sputtered on top of source region 22 and drain 
region 24 for comiection to contacts. Metal contacts can be coupled to regions 22 
and 24 via regions 82. Conventional metal silicidation techniques can be utilized. 
For example, titanium silicide, cobalt silicide. tungsten silicide, and other silicides 
can be utilized. 

Siliciding regions 22 and 24 to form regions 82 can consume the 
portion of regions 22 and 24 that includes germanium (associated with layer 45). 
Thus, the performance of regions 22 and 24 is not adversely impacted by the 
presence of germanium. 

With reference to FIGURES 1-6, the fabrication of transistor 12, 
including chamiel region 41, is described below as follows. The advantageous ' 
process allows chamiel region 41 to include germanium and yet does not require 
MBE equipment. The process also allows deep source and drain regions 22 and 24 
to be formed and yet allows a thin germanium silicon channel region 41 to be 
formed. 

In FIGURE 2, a single crystalline bulk semiconductor substrate 14 is 
provided. Substrate 14 can be provided as part of a semiconductor wafer. 
Substrate 14 is preferably several hundred microns thick (for an eight inch wafer). 

In FIGURE 3, low pressure chemical vapor deposition (LPCVD) is 
utilized to deposit or provide a very thin amorphous semiconductor germanium 
layer such as an amorphous silicon germanium layer 64 on a top surface 66 of 
substrate 14. Preferably, layer 64 is deposited as a 200-500A thick amorphous 
silicon germanium layer at a temperature of 400-450°C. 



20 
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In FIGURE 4, after layer 64 is deposited, layer 64 is subjected to an 
annealing process. The annealing process changes the structure of layer 64 from an 
amorphous state to a single crystalline state (e.g., melts layer 64 which 
subsequently recrystalizes). Preferably, the annealing process is an excimer laser 
5 process (e.g., 308 nanometer wavelength) for a pulse duration of several 
nanoseconds. 

The process can raise the temperature of layer 64 to the melting 
temperature of layer 64 (1100^'C for silicon germanium). The melting temperature 
of layer 64 in the amorphous state is significantly lower than that of substrate 14 

10 which is in a crystalline state. For example, the melting temperature of amorphous 
silicon germanium is 1 100°C and the melting temperature of a single crystalline 
silicon substrate (C-Si) is 1400*^0. Preferably, the laser fluence is controlled so that 
layer 64 is fully melted and substrate 14 is not melted. After the laser beam is 
removed, layer 64 is recrystallized as a single crystalline material. Layer 64 

15 corresponds to silicon germanium layer 45 (channel region 41 in Figure 1). 

In FIGURE 5, after layer 64 is recrystallized, LPCVD is utilized to 
provide a very thin amorphous layer 74. Layer 74 is preferably deposited at a 
temperature of 400-450*'C and preferably is a lOO-lSOA thick amorphous silicon 
layer. Layer 74 is provided on a top surface 65 of layer 64. 

20 In FIGURE 6, after layer 74 is deposited, layer 74 is subjected to an 

annealing process. The annealing process changes the structure of layer 74 from an 
amorphous state to a single crystalline state (e.g., melts layer 74 which 
subsequently recrystalizes). Preferably, the aimealing process is an excimer laser 
armealing process (e.g., 308 nanometer wavelength for a pulse duration of several 

25 nanoseconds). The armealing process can raise the temperature of layer 74 to the 
melting temperature of layer 74 (llOO'^C). The melting temperature of layer 74 in 
the amorphous state is significantly lower than that of layer 64 in the single 
crystalline state. The melting temperature of amorphous silicon is llOO^'C and the 
melting temperature of single crystalline silicon-germanium is 1400°C. Preferably, 

30 the laser fluence is controlled so that layer 74 is fully melted and layer 64 is not 
melted. After the laser beam is removed, layer 74 is recrystallized as single 
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crystalline material. Layer 74 advantageously serves as a cap layer above layer 64. 
Layer 74 corresponds to cap layer 43 (channel region 41 in Figure 1). 

In FIGURE 1, transistor 12 can be substantially completed by 
conventional semiconductor processing techniques to include gate structure 18 and 
5 source and drain regions 22 and 24. 

Gate structure 18 is comprised of layer 34 and gate conductor 36. 
Gate conductor 36 preferably is 800-1200A thick, undoped polysilicon material. 
Conductor 36 is preferably deposited by a chemical vapor deposition (CVD) process 
on top of layer 34 which is thermally grown above surface 27 (surface 75 of layer 
10 74 in FIGURE 6). Layer 34 can be thermally grown on substrate 14. 

After structure 18, including layers 36 and 34 are formed, substrate 
14 can be doped according to a two step doping process to form regions 22 and 24 
including extensions 23 and 25. After the first doping step, spacers 38 are formed 
followed by a second doping step to form the deeper portions of regions 22 and 24. 
15 Preferably, the deeper portions of regions 22 and 24 are 500- 1200 A deep (e.g., 
800-lOOOA below surface 27 of substrate 14). In another alternative embodiment, 
an amorphousizing and doping technique can be utilized to form regions 22 and 24 
including extension 23 and 25 . 

After regions 22 and 24 are formed, a silicidation process forms 
20 silicide regions 82 within regions 22 and 24. Regions 82 can be formed by 

depositing a metal layer and siliciding the metal layer. Generally, sixty -percent of 
the thickness of the metal layer consumes substrate 14. Preferably, regions 82 
extend 25 nm into substrate 14. 

After regions 82 are formed, transistor 12 and integrated circuit 10 
25 can be subjected to conventional CMOS processes to form contacts and 

interconnects. In addition, insulating layers can be provided over transistor 12 to 
otherwise complete the fabrication of portion 10. 

It is understood that while the detailed drawings, specific examples, 
material types, thicknesses, dimensions, and particular values given provide a 
30 preferred exemplary embodiment of the present invention, the preferred exemplary 
embodiment is for the purpose of illustration only. The method and apparatus of 
the invention is not limited to the precise details and conditions disclosed. For 
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example, although specific types of capping layers and semiconductor germanium 
layers are shown, other structures can be utilized. Various changes may be made to 
the details disclosed without departing from the spirit of the invention which is 
defined by the following claims. 
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